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PREFACE 

This report presents a brief summary and evaluation of Information 
relevant to a preliminary Interim assessment of adverse health effects asso­
ciated with benzo(ia)pyrene. All estimates of NDTs and 10~' risk levels 
presented In this document should be considered as preliminary reflecting 
limited resources allocated, to this project. Pertinent toxicologic and 
environmental data were located through on line literature searches of the 
Chemical Abstracts. TOXLINE, CANCERLINE and the CHENFATE/DATALOG data bases. 
Secondary sources of the Information have also been relied upon In the 
preparation of this report and represent large scale health assessment 
efforts that entail extensive peer and Agency review. The following OHEA 
sources have been extensively utilized: 

U.S. EPA. 1980b. Ambient Water Quality Criteria for Polynuclear 
Aromatic Hydrocarbons. Environmental Criteria and Assessment 
Office. Cincinnati. OH. EPA 440/5-80-069. 

U.S. EPA. 1981. Hazard Profile for PAH. Environmental Criteria 
and Assessment Office. Cincinnati, OH. 

U.S. EPA. 1983a. Review of Toxicologic Data in Support of Evalua­
tion for Carcinogenic Potential of: Benzo[a]pyrene. CAG. OHEA. 
ORG. Washington. DC. 

U.S. EPA. 1983b. Reportable Quantity for 8enzo[a]pyrene. 
Environmental Critteria and Assessment Office. Cincinnati. OH. . 

The Intent In these assessments Is to suggest acceptable exposure or 
risk levels whenever sufficient data were available. Values were not 
derived or larger uncertainty factors were employed when the variable data 
was limited In scope tending to generate conservative (I.e. protective) 
estimates. Nevertheless, the Interim values presented reflect the relative 
degree of hazard associated with exposure or risk to the chemical(s) 
addressed. 

Whenever possible, two categories of route-specific NDTs (maximum dose 
tolerated) have been estimated for systemic toxicants (toxicants for which 
cancer Is not the endpoint of concern.). The first, the GDS or maximum dose 
tolerated for subchronic exposure, is ,an estimate of ah exposure level which 
would not be expected to cause adverse effects when exposure occurs during a 
limited time Interval I.e.. for an Interval wh1ch...does not constitute a 
significant portion of the lifespan. This type of exposure estimate has not 
been extensively used, or rigorously defined, as previous risk assessment 
efforts have been primarily directed towards exposures from toxicants In 
ambient air or water where lifetime exposure is'assumed.' Animal data used 
for GDS estimates generally Include exposures with durations of 30-90 days. 
Subchronic human data are rarely available. Reported exposures are usually 
from chronic, occupational exposure situations or from reports of acute 
accidental exposure. When data are available to estimate acceptable chronic 
exposures, but not subchronic. frequently the GDS has been based on chronic 
data with the uncertainty factor reduced by a factor of 10. This 1s not 
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without precedent, as acceptable, chronic exposure levels have been estimat­
ed from subchronic data by Incorporating an additional uncertainty factor of 
10 {U.S. EPA, 1983c). 

The GDC, maximum dose tolerated for chronic exposure. Is similar in con­
cept to the ADI (acceptable dally Intake). It Is an estimate of an exposure 
level which would not be expected to cause adverse effects when exposure 
occurs for a significant portion of the lifespan [see U.S. EPA (1980a) for a 
discussion of this concept]. The GDC Is route specific and' estimates 
acceptable exposure for a given route with the Implicit assumption that 
exposure via other routes Is Insignificant. 

Composite scores (CS) for noncarclnogens have also been calculated where 
data permitted. These values are used for ranking reportable quantities and 
the methodology for their development Is explained In U.S. EPA (1983c). 

For compounds for which there Is sufficient evidence of carcinogenicity 
GDS and GDC values are not derived. For a discussion of risk assessment 
methodology for carcinogens refer to U.S. EPA (1980a). Since cancer Is a 
process which Is not characterized by a threshold, an^ exposure contributes 
an Increment of risk. Consequently, derivation of GDS and GDC values 
concepts would be Inappropriate. For carcinogens, the lower 95X confidence 
limit of the dose associated with an expected lifetime excess cancer risk of 
10~' has been estimated and Is presented In the text as the "IC risk 
level.-

The Initial draft of this report was prepared by Syracuse Research 
Corporation under Contract No. 68-03-3112. 
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' 1. ENVIRONMENTAL CHEMISTRY AND FATE 

The relevant physical and chemical properties and environmental fate of 

benzo[a]pyrene (CAS Registry No. 50-32-8) are given In Table 1-1. 

The ihalf-Tlfe for benzo[a]pyrene 1;n the atmosphere has been estimated 

from the discussion In the NAS (1983) document regarding the chemical and 

photochemical reaction of this compound and the estimation of Us half-life 

due to physical removal processes as discussed by CupVtt (1980i). 

Pertinent data regarding the leachabUlty of this compound In soils 

could not be located In the available literature. Considering the high 

octanol/water partition coefficient and low water solubility, the compound 

Is expected to have very low mobility In soils, particularly In soils with 

high organic matter content. 
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s TABLE 1-1 

Selected Physical and Chemical Properties and Half-lives for Benzo[a]pyrene 

Properties Values Reference 

Chemical class: Polycycllc aromatic hydrocarbons (PAH) NA 

Vapor pressure: 5.6 X 10~« mm Hg at 25«C Nabey et al., 1981 

Hater solubility: 1.2 yg/kg at 2S-C Wise et al.. 1981 

Log octanol/water 
partition coefficient: 6.06 U.S. EPA. 1980 

Bloconcentratlon factor: 2B.200 (estimated) U.S. EPA. 1980 

Half-lives In: 
I' 

Air: , \' 

Half-lives In: 
I' 

Air: , \' <1-6 days (estimated) NAS. 1983; Cupltt. 1980 

Mater: 
} 

<1-8 hours In aquatic phase 
5-10 years In sediment 

Smith et al.. 1978 
Smith et al.. 1978 

Soil: >14-16 months for complete degradation U.S. EPA. 1981 

NA = Not applicable 
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2. ABSORPTION FACTORS IN HUHANS ANO EXPERIMENTAL ANIMALS 

2.1. ORAL 

Data regarding oral absorption of benzo[a]pyrene are limited; however, 

observed toxicity following oral administration Indicates that benzo[a]-

pyrene Is absorbed via this route (Smyth et al., 1962; U.S. EPA. 1980b, 

1981; Santodonato et al., 1981). 

Absorption of orally administered lipophilic PAH can be hampered by the 

mucous layer lining the 61 tract (Grimmer, 1983). Rats given benzo[a]pyrene 

In starch solution (100 mg) by gavage or In the diet (250 mg) absorbed ~SOX 

of the administered compound (Chang. 1943). 

Regardless of the type of solvent used. benzo[a]pyrene readily pene­

trates the forestomach epithelium of mice. In the glandular stomach, 

however, the type of solvent used plays a decisive role In the absorption of 

benzo[a]pyrene (Ekwall et al.. 1951; Setala. 1954). Hydrophlllc solvents 

enhance the absorption of benzo[a]pyrene from the glandular stomach as 

compared to lipophilic solvents. 

2.2. INHALATION 

Data regarding the pulmonary absorption of benzo[a]pyrene are limited; 

however, observed toxicity after Inhalation exposure Indicates that benzo-

[a]pyrene Is readily absorbed through the lungs (Kotin et al.. 1969; Valnio 

et al.. 1976). As a class. PAHs are highly lipid soluble and capable of 

passing across epithelial membranes (U.S. EPA. 1980b). 
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3. TOXICITY IN HUNANS AND EXPERIMENTAL ANIMALS 

3.1. SUBCHRONIC 

3.1.1. Oral. Genetic constitutional differences appear to Influence the 

subchronic oral toxicity of benzo[a]pyrene In mice. Specifically, the Ah 

locus, which determines the induclblllty of aryl hydrocarbon hydroxylase, 

plays a major role In determining the oral toxicity of benzoCaJpyrene. 

presumably by Influencing the pathways of biotransformation. Robinson et 

a1. (1975) administered benzo[a]pyrene In the diet at a level of 120 mg/kg 

bw to nonresponslve (poorly Inducible) AKR/N mice (Ah^/Ah^ type) and to 

responsive (markedly Inducible) mice (Ah'^/Ah'' type). Nonresponslve mice 

developed aplastic anemia and died within 4 weeks, whereas responsive mice 

remained healthy for at least 6 months. 

3.1.2. Inhalation. Pertinent data regarding the non-tumor-related 

subchronic toxicity of benzo[a]pyrene administered by Inhalation could not 

be located In the available literature. 

3.2. CHRONIC 

3.2.1. Oral. The only available chronic oral bloassays for benzo[a]-

pyrene are Investigations of carcinogenicity (U.S. EPA. 1980b). The lack of 

appropriate protocols (I.e.. non-tumor pathology) and detailed reporting of 

symptoms render these carcinogenicity bloassays Inadequate for use In 

evaluating non-carcinogenic endpolnts. 

3.2.2. Inhalation. There are no reports available concerning the non-

tumor-related chronic toxicity of benzo[a]pyrene administered by Inhalation. 

3.3. TERATOGENICITY AND OTHER REPRODUCTIVE EFFECTS 

3.3.1. Oral. Rigdon and Rennels (1964) fed female rats a diet containing 

benzo[a]pyrene at a level of 1000 mg/kg (equivalent to SO mg/kg/day) for up 

to 3.5 months. Of seven pregnant treated animals, only one dam carried 

viable fetuses to term, delivering four pups on the 23rd day of pregnancy. 
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Two of the four pups were stillborn, one of which was grossly malformed (not 

necessarily treatment-relatedl). A third pup was killed for observational 

purposes, and evidently the fourth pup died of starvation 3 days after 

birth, since the dam did not show signs of lactation. The authors were not 

certain whether this absence of lactation was treatment-related. 

At autopsy, four dead fetuses were found In the right uterine horn of a 

second dam. Signs of toxicity (body weight changes or histopathologlcal 

changes) were not observed In the treated dams. 

In a teratogenicity and reproduction study, Rigdon and Neal (1965) fed 

male and female mice diets containing benzo[a]pyrene at a level of 0, 250, 

500 or 1000 mg/kg over various time spans during mating, gestation and 

lactation. No apparent reproductive, teratogenic, embryotoxl.c or fetotoxic 

effects were observed In the experimental animals. 

Mackenzie and Angevlne (1981) administered benzo[a]pyrene orally at a 

level of 10 mg/kg bw to CD-I mice during pregnancy. There was no effect on 

fetal body weights, but there was a marked and specific reduction of gonadal 

weight, and reduced fertility and reproductive capacity were observed among 

the offspring. At a level of 40 mg/kg/day, almost complete sterility was 

observed In both sexes of offspring. 

3.3.2. Inhalation. Pertinent data regarding the teratogenic effects 

resulting from Inhalation exposure to benzo[a]pyrehe could not be located In 

the available literature. 

3.4. TOXICANT INTERACTIONS 

U.S. EPA (1980b) has described extensively the synergistic and antago­

nistic Interactions among different PAHs and between PAH' and non-PAH chemi­

cals. Briefly, metabolism of PAH by the microsomal mixed function oxidase 
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snxymv xyitatn yields several types of reactive and potentially carcinogenic 

Intermediates. Chemicals that Induce or Inhibit this enzyme system alter 

the patterns of PAH metabolism and, hence, alter their toxic and carcino­

genic properties. 
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4. CARCINOGENICITY 

The carcinogenicity of benzo[a]pyrene has been tested' extensively by 

applying It to the skin of mice, and only Infrequently by other routes of 

administration.. The studies discussed below have been summarized In U.S. 

EPA (1983a): however, more complete reviews of the carcinogenicity bloassays 

of benzo[a]pyrene are provided by lARC (1973, 1983), U.S. EPA (1980b, 1981, 

1983b) and Santodonato et al. (1981). 

4.1. HUMAN DATA 

Few case reports are available regarding the direct carcinogenic effects 

of benzo[a]pyrene on humans. Cottlnl and Nazzone (1939) applied a IX 

solution of benzo[a]pyrene In benzene to small areas of the exposed and 

unexposed skin of 26 patients. Up to 120 dally applications were applied 

over a 4-month period, within which time, regressive verrucae developed In 

each of the 26 patients. Although reversible and. apparently benign, these 

changes were thought to represent early stages of neoplastic proliferation. 

Similar cases of epidermal changes were reported by Rhoads et al. (1954) and 

Klar (1938) to have occurred In men accidentally exposed to benzo[a]pyrene. 

Numerous epidemiologic studies of human populations (primarily worker 

groups) have shown a clear association between, exposure to PAH-contalnIng 

materials (e.g., soots, tars, oils) and Increased cancer risk (Santodonato 

et al., 1981; lARC, 1973, 1983; U.S. EPA, 1981). 

4.1.1. Oral. Pertinent data regarding the carcinogenicity of benzo[a]-

pyrene to humans following oral exposure could not be located In the avail­

able literature. 

4.1.2. Inhalation. Pertinent data regarding the carcinogenicity of 

benzo[a]pyrene to humans following Inhalation exposure could not be located 

In the available literature. 
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4.a. IX0A88AYI 

4.2.1. Oral. Benzo[a]pyrene was administered In various concentrations 

In the diet of mice to test Its carcinogenicity (Neal and Rlgdon, 1967; 

Rigdon and Neal, 1966, 1969). These studies are summarized In Tables 4-1, 

4-2 and 4-3. A. dose-response relationship was noted for the Incidence of 

stomach tumors (papillomas and carcinomas) In male and female CFU-Swiss mice 

treated with 1-250 ppm benzo[a]pyrene for up to 197 days (Neal and Rlgdon, 

1967). Stomach tumors were reported In animals treated with 20, 40, 45, 50 

and 250 ppm benzo[a]pyrene (5/23, 1/40, 4/40, 24/34, 19/23 and 66/73, 

respectively), while control animals (0/289) and those treated with 1, 10 

and 30 ppm benzo[a]pyrene (0/25, 0/24 and 0/37, respectively) did not have 

stomach tumors. In addition to the Increase In stomach tumors. Increased 

Incidences of lung adenoma and leukemia were noted In mice treated with 250 

and 1000 ppm benzo[a]pyrene (Rlgdon and Neal, 1966, 1969). 

4.2.2. Inhalation. Thyssen et al. (1981) exposed groups of 24 hamsters 

via Inhalation to benzo[a]pyrene at levels of 2.2, 9.5 or 45 mg/m> for 4.5 

hours/day for 10 weeks and 3 hours/day 7 days/week thereafter, for up to 675 

days (Table 4-4). No treatment-related tumors were observed In animals 

exposed to 2.2 mg/m>. Animals exposed to 9.5 mg/m*, however, developed 

tumors of the nasal cavity (12X), larynx (31X)„ trachea (4X) and pharynx 

(.23X). Hamsters exposed to 44.8 mg/m* benzoCa]pyrene >:developed tumors of 
• -

,r -

the respiratory tract (13/25) and upper digestive tra^tf^(I4/25.). No tumors 

of these types were seen In control animals (Thyssen et-r4(1.-V 1981). 

Intratracheal administration of benzo[a]pyrene resulted- In an Increased 

Incidence of respiratory tract neoplasms In both sexes of Syrian hamsters 

(Ketkar et al., 1978; Feron and Kruysse, 1978) (Tables 4-5 and 4-6). A 

dose-related response was reported for hamsters treated with 18.2 and 36.4 

mg/anlmal (total dose) for 52 weeks followed by a 29-week latency period. 

0022h -8- 05/16/84 

\ 



ISI 
tSJ 

TABLE 4-1 

Carcinogenicity of Bonxo[a]pyrene Administered In the Diet to Hale and Female CFU Hice at Levels of 1-250 ppm* 

Dose 
Duration of 
Treatment 
(days) 

Duration 
of Study 
(days) 

Purity of 
Compound 

Vehicle or 
Physical 
State 

Target 
Organ Tumor Type 

Tumor 
Incidence 

1 ppm (0.48 mg 
total dose) 

110 140 NR diet stomach papl1lomas/carclnomas 0/25 

10 ppm (4.48 mg 
total dose) 

110 140 NR diet stomach papl1lomas/carclnomas 0/24 

20 ppm (B.BS mg 
total dose) 

110 226 NR diet stomach papl1lomas/carc1nomas 5/23 

30 ppm (13.32 mg 
total dose) 

110 143-177 NR diet stomach papl1lomas/carc1nomas 0/37 

40 ppm (17.76 mg 
total dose) 

110 143-211 NR diet stomach papl1lomas/carcInomas 1/40 

45 ppm (19.8 mg 
total dose) 

110 141-103 NR diet stomach papl1lomas/carcInomas 4/40 

50 ppm (21.4-29.4 
mg total dose) 

107-197 124-219 NR diet stomach papl1lomas/carcInomas 24/34 

100 ppm (39.2-48.8 
mg total dose) 

98-122 118-146 NR diet stomach papl1lomas/carc1nomas 19/23 

250 ppm (70-165 mg 
total dose) 

70-165 88-185 NR diet stomach papl1lomas/carc1nomas 66/73 

0.0 ppm HA 70-300 NA basal diet 
only 

stomach papl1lomas/carclnomas 0/289 

^Source: Heal and Rlgdon, 1M7 

NA - Not applicable; NB - Not reported 
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TABLE 4.2 

Carclnovenlclty of BeiiiD[a]pyreno Administered In the Diet to Rale and Female Swiss Rice at Levels of 250-1000 ppm* 

Duration of Duration Purity of Vehicle or Target Tumor 
Dose Treatment of Study Compound Physical Organ Tumor Type Incidence 

(days) (days) State 
Organ Tumor Type 

1000 ppm 73-03 73-03 NR diet stomach papl1loma/carclnoma 5/9 
n mg/g food) lung adenoma 7/9 

1000 ppm 127-107 127-107 NR diet stomach papllloma/carclnoma 13/13 
(1 mg/g food) lung adenoma 3/13 

250 ppm 72-99 72-99 NR diet stomach papllloma/carclnoma 12/52 
(0.25 mg/g food) lung adenoma 26/52 

250 ppm 147-196 147-196 NR diet StOMCh papllloma/carclnoma 9/13 
(0.25 mg/g food) lung adenoma 10/13 

0.0 ppm HA 111-120 NA diet only stomach papllloma/carclnoma 2/108 
lung adenoma 25/100 

*Source: Rigdon and Real, 1906 

NA - Not appllcablo; NR • Hot reported 
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TABLE 4-3 

Circlnoginlclty of Benio[a]pyrene Adalnlstered In the Diet to Rale and Feiaale Swiss CFU Rice at a Level of 250 ppe^ 

Dose 
Duration of 
Treatnent 

Duration 
of Study 

Purity of 
Conpouhd 

Vehicle or 
Physical 
State 

Target Organ Tumor Typo 
Tumor 

Incidence 

250 ppn 
(0.25 m^g food) 

BO-140 days B0-140 days RR diet stonach 
lung 
henatopoletic 
system 

papllloma/carclnoma 
adenoma 
leukemia 

69/lOB 
52/100 
40/108 

0.0 ppn HA 62-300 days RA diet only stonach 
lung 
hematopoietic 
system 

papllloma/carclnoma 
adenoma 
leukemia 

2/1T50 
33/151 
0/1750 

•Source: Blgdon and Real. 19B9 

^Incldenco of toaors In a control group reported previously by Rigdon and Real (1966). 

RA o Rot applicable; HR - Hot.,reported 

^ Vi., 
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TABLE 4-4 

Carcinogenicity of Benzo[a]pyrene to Rale Syrian Golden HoKters Via Inlia1at1on*il> 

Dose 
Ouratlon of 
Treatwnt 
(weeks) 

Duration 
of Study 
(weeks) 

Purity of 
Caaqound 

Vehicle or 
Physical 
State 

Target Drgan 
Tuner 
Typec 

Tuner 
Incidence 

. 2.2 a«/lB* 
(29 ag total dose) 

95.2 95.2 NR NaCI vapor 
In air 

respiratory tract 
upper digestive 
tract 

tuners 
tunors 

0/27 
0/27 

9.5 aig/lD* 
(127 aig total dose) 

95.4 95.4 NR NaCI vapor 
In air 

respiratory tract 
upper digestive 
tract 

tuners 
tunors 

9/25^ 
7/26«' 

45.5 ig/Bi* 
(383 mt total dose) 

59.5 59.5 NR NaCI vapor 
In air 

respiratory tract 
upper digestive 
tract 

tunibrs 
tunors 

13/25* 
14/25* 

0.0 aq/ta* NA 

I* 
i.i * 

95.4 NA NaCI vapor 
only 

respiratory tract 
upper digestive 
tract 

tunors 
tunors 

0/27 
0/27 

to 

'Source: Thyssen et all, 1981 < 

''Eiposure IMS for 4.S hours/day for the first 10 nooks, 3 hours/day thereafter for 7 days/Week. 

'Tuaors were paplllonati papillary polyps, 'and squaanus cell carclnooMs. 

^3 nasal cavity, 0 laryngeal,-1 tracheal, 6'pharyngeal and 1 forestonach tuanrs 
" '! I. I'l ' 111' I..I' '• 

'1 nasal cavity, 13 laryngeal^-'<.3 tracheal, 14 pharyngeal, 2 esophageal and 1 forestoaach tuanr 

NA • Not applicable; HR - Not reported 
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TABLE 4-5 

Carcinogenicity of Benzo[a]pyrene In Syrian Hamsters Following Intratracheal Administration of 0.10-1.0 mg/week' 

Sex 
Dose 

(mg/week) 
Duration of 
Treatment^ 
(weeks) 

Duration^ 
of Studyk 
(weeks) 

Purity of 
Compound 

Vehicle or 
Physical 
State 

Target Organ Tumor Type' 
Tumor 

Incidence 

N 0.10 40 40 97% bovine 
albumin 

respiratory tract various neoplasms 5/26 

F 0.10 34 34 97% bovine 
aibumin 

respiratory tract various neoplasms 12/30 

H 0.33 24 24 97% bovine 
albumin 

respiratory tract various neoplasms 7/29 

F 0.33 20 28 97% bovine 
albumin 

respiratory tract various neoplasms 10/28 

H 1.0 10 10 97% bovine 
albumin 

respiratory tract various neoplasms 6/27 

F 1.0 IS 15 97% bovine 
albumin 

respiratory tract various neoplasms 6/30 

H 0.0 41 41 NA bovine 
albumin 
only 

respiratory tract various neoplasms 0/29 

F 0.0 35 

1 

35 NA bovine 
albumin 
only 

respiratory tract various neoplasms 0/30 

'Source: Ketkar et al., 1918 

^Hean Survival Time 

'Carcinomas, adenomas, adenbcafclnoMS and papillomas were reported. 

NA - Not applicable 

at 
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K> TABLE 4-6 

Carcinogenicity of Bonzo[a]pyreno In Golden Syrian Hamsters Following Intratracheal Administration of 18.2-36.4 mg/anlmal* 

Sox Dose 
Duration of 
treatment 
(weeks) 

Duration 
of Study 
(weeks) 

Purity of 
Compound 

Vehicle or 
Physical 
State 

Target Organ 
Tuanr 
Typeb 

Tumor 
Incidence 

H 18.2 mg/hamstor 
total dose 

S2 
(1 dose/Week) 

81 >89* 0.9* HaCI respiratory tract various 4/29 

N 36.4 mg/hamster 
total dose 

52 
(1 dose/Week) 

81 >99X 0.9X HaCI respiratory tract various 19/30 

H 0.0 mg/hamster 
total dose 

52 
(1 dose/Week) 

81 >99% . saline 
vehicle 
only 

respiratory tract various 0/30C 

F 18.2 mg/hamster 
total dose 

52 
(1 dose/Week) 

81 >99% 0.9K HaCI respiratory tract various 3/27 

F 36.4 mg/hamstor , 
total dose t 

52 
(1 dose/Week) 

81 >99% 0.98 HaCI respiratory tract various 7/24 

F 0.0 mg/haMtof ' 
total dose . 

k •' '1 : ' 

52 
(1 dose/Mek) 

81 >99% saline 
vehicle 
only 

respiratory tract various 0/28® 

/ -' I • ^ ^ t 

'Source: Feron and Rruysso;11978 f 

^Papillomas and carcinomas of ihe tracheia aiid pulmonary ademonas were most prevalent. 

'Cmdilned tumor Incidence of untriMted and vehicle controls. 

V. 

a* 

T; 



The Incidence of tracheal papillomas and carcinomas, collectively, with lung 

adenomas was 4/29 and 3/27 for low-dose males and females, respectively, and: 

19/30 and 7/24 for high-dose males and females, respectively (Feron and 

Kruysse, 1978). Ketkar et al. (1978) reported a high dose-related mortal­

ity In hamsters treated at dose levels lower than those used by Feron and 

Kruysse (1978). Mean survival times ranged from 40 weeks for male hamsters 

treated with 0.1 mg benzo[a]pyrene/week to 10 weeks for males treated with 

1.0 mg benzo[a]pyrene/week. An Increase In the Incidence of respiratory 

tract carcinoma, adenoma and papilloma In both sexes of hamsters In the 

treatment groups was reported, but a definite dose-related response was not 

evident (Ketkar et al., 1978). 

4.3. OTHER RELEVANT DATA 

The mutagenicity of benzo[a]pyrene has been summarized by lARC (1982), 

U.S. EPA (1980b, 1981), Santodonato et al. (1981), deSerres and Ashby (1981) 

and Hollstein and NcCann (1979). The reader Is referred to these reviews 

for further Information. 

8enzo[a]pyrene Is an Indirect acting carcinogen, undergoing metabolism 

to a reactive electrophlle capable of covalently binding to DNA (lARC, 1982; 

Lutz, 1979). 8enzo[a]pyrene has been used extensively as a model carcinogen 

and as a positive control In a variety of short-.term tests, yielding 

positive results In assays for bacterial DNA repair, bacteriophage Induction 

and bacterial mutation; mutation In Drosophlla melanooaster: DNA binding, 

DNA repair, SCE, chromosomal aberration, point inutation^and transformation 

In maimiallan cells In culture; and In tests In mammals In vivo. Including 

DNA binding, SCE, chromosomal aberration, sperm abnormality and the specific 

locus (spot) test (lARC, 1982; deSerres and Ashby, 1981; Hollstein and 

NcCann, 1979). 
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4.4. WEIGHT OF EVIDENCE 

Benzo[a]pyrene 1s both a local and a systemic carcinogen, producing 

tumors In rats, mice, hamsters, guinea pigs, rabbits and monkeys following 

oral. Inhalation or dermal exposure. Benzo[a]pyrene Is an Initiator of skin 

carcinogenesis In mice and also produces tumors following single doses or 

prenatal exposure. Benzo[a]pyrene has been used extensively as a model 

carcinogen and as a positive control In a variety of short-term tests. lARC 

(1982) reported that there Is sufficient evidence that benzo[a]pyrene Is an 

animal carcinogen and limited evidence that It Is a human carcinogen, 

resulting In a Group 2A classification for benzo[a]pyrene. 
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5. REGULATORY STANDARDS AND/DR CRITERIA 
Exposure criteria and TLVs have been developed for PAH as a class, as 

well as for several Individual PAHs. The Occupational Safety and Health 

Administration has set an 8-hour TWA concentration limit of 0.2 mg/m> for 

the benzene-soluble fraction of coal tar pitch volatlles (anthracene, 

benzo[a]pyrene, phenanthrene, acrldlne, chrysene, pyrene) (Code of Federal 

Regulations, 1981). NIOSH (1977) recommends a concentration limit for coal 

tar, coal tar pitch, creosote and mixtures of these substances at 0.1 

mg/m> of the cyclohexane-extractable fraction of the sample, determined as 

a 10-hour TWA. NIOSH (1977) concluded that these specific coal tar prod­

ucts, as well as coke oven emissions, are carcinogenic and can Increase the 

risk of lung and skin cancer In workers. NIOSH (1977) also recommends a 

celling limit for exposure to asphalt fumes of 5 mg airborne partlcu-

lates/m> of air. 

Environmental quality criteria for PAH have been recommended for ambient 

water, which specify concentration limits Intended to protect humans against 

adverse health effects. The U.S. EPA (1980b) has recommended a concentra­

tion limit of 28 mg/k for the sum of all carcinogenic PAHs In ambient 

water. This value Is based on a mathematical extrapolation of the results 

from studies with mice treated orally with benzofajpyrene, and acknowledges 
- »>' '. 

the conservative assumption that all carcinogenic PAHs-are equal In potency 

to benzo[a]pyrene. Dally consumption of water containing 28 ng/k of car­

cinogenic PAH over an entire lifetime Is estimated, on the basis of the 

animal bloassay data, to keep the lifetime risk of cancer development below 

one chance In 180,000. 
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The U.S. EPA has not reconnended an ambient water quality criterion for 

noncarcloogenic PAH as a class. The U.S. EPA (1980b) acknowledged that data 

suitable for quantitative risk assessment of noncarclnogenic PAH are 

essentially nonexistent. 
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6. RISK ASSESSMENT 

6.1. NAXINUH DOSE TOLERABLE FOR SUBCHRONIC EXPOSURE (6DS) 

6.1.1. Oral. A 6-month oral: study defined a NOEL of 120 mg benzo[a]-
/— 

pyrene/kg bw for aplastic anemia In markedly Inducible mice. In poorly 

Inducible mice, exposure at this level produced aplastic anemia and death by 

4 weeks. The reproductive toxicity study of Rigdon and Rennels (1964), In 

which female rats were fed diets containing benzo[a]pyrene at 1000 mg/kg for 

3.5 months,' the single dose level used represented a PEL for fetal death. 

6.1.2. Inhalation. The lack of appropriate subchronic Inhalation toxi­

city data precludes the derivation of a maximum tolerable dose for exposure 

to benzo[a]pyrene. 

6.2. NAXINUH OOSE TOLERABLE FOR CHRONIC EXPOSURE (GDC) 

6.2.1. Oral. The lack of appropriate chronic and subchronic oral toxi­

city data precludes the derivation of a maximum tolerable dose for chronic 

exposure to benzo[a]pyrene. 

6.2.2. Inhalation. The lack of appropriate chronic and subchronic 

Inhalation toxicity data precludes the derivation of a maximum tolerable 

dose for chronic exposure to benzo[a]pyrene. 

6.3. UNIT CARCINOGENIC RISK (q^*) 

6.3.1. Oral. A carcinogenic potency factor for humans, q^*, can be 

derived from the study of Neal and Rigdon (1967) In liihich benzo[a]pyrene at 

dose levels of 1-250 ppm In the diet was administered to .strain CPU mice for 
'3 

-110 days. The Incidences of stomach tumors (mostly squamous-cell papil­

lomas, but some carcinomas) were 0/289 for controls, 0/25 at the 1 ppm (0.13 

mg/kg/day) level, 0/24 at 10 ppm (1.3 mg/kg/day), 1/23 at 20 ppm (2.6 mg/kg/ 

day), 0/37 at 30 ppm (3.9 mg/kg/day), 1/40 at 40 ppm (5.2 mg/kg/day), 4/40 

at 45 ppm (5.85 mg/kg/day), 24/34 at 50 ppm (6.5 mg/kg/day), 19/23 at 
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100 ppm (13.0 mg/kg/day) and 66/73 at 250 ppm (32/5 mg/kg/day). U.S. EPA 

(1980b) used these Incidences of stomach tumors to derive a q^* of 11.53 

(mg/kg/ day)~^. From this, the level associated with human lifetime 

carcinogenic risk of 10"' Is 6.07x10"' mg/day or 8.67x10"' mg/kg/day. 

6.3.2. Inhalation. A carcinogenic potency factor for humans, can 

be derived from the study of Thyssen et al. (1981) In which Golden Syrian 

hamsters were exposed to benzo[a]pyrene via Inhalation at levels of 0, 2.2, 

9.5 or 46.5 rag/ra' for 10-96.4 weeks. The Incidences of respiratory tumors 

were 0/27 for controls, 0/27 for the low-dose group, 9/26 for the mid-dose 

group and 13/25 for the high-dose group. The highest exposure level did 

have an adverse Impact on survival time. Animals exposed to an average 

concentration of 46.5 mg BP/m» air had an average survival time of 59.5 

weeks, as compared to controls which survived for an average of 96.4 weeks. 

Due to early mortality In the highest dose group, these data were excluded 

from the q-j' derivation. Based on the respiratory tumor response of male 

hamsters and using the linearized multistage model adopted by the U.S. EPA 

(Federal Register, 1980), a carcinogenic potency factor (q^*) of 4.2775 

(mg/kg/day)"^ can be derived for humans. The corresponding dose asso­

ciated with an Increased 11fet1m| cancer risk of 10"' Is 2.339x10"' 

mg/kg/day or 1.64x10"' mg/day for a 70 kg human. Complete data for 

derivation of the q^* are presented In Appendix B. 
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7. EXECUTIVE SUNNARY 

Ini order to place the risk assessment evaluation In proper context, the 

reader Is referred to the preface of this document. The preface outlines 

limitations applicable to all documents of this series as well as the 

appropriate Interpretation and use of the quantitative estimates presented. 

Animal data Indicate that benzo(a)pyrene Is a potent carcinogenic via 

Inhalation, oral and dermal routes. Human data concerning exposure to 

benzo(ia)pyrene and' cancer are lacking, however, human data concerning 

Increased cancer risk and exposure to PAH containing mixtures are convincing. 

U.S. EPA (1980b) used the mouse data of Heal and Rigdon (1967) to 

estimate the dally oral dose of benzo(a) pyrene corresponding to a lifetime 

cancer risk of 10~'. This estimated dally dose Is 6.07xlD~' mg/day. 

This risk assessment has been extensively peer reviewed. 

The same methodology was used In the present document to estimate the 

dally dose from Inhalation exposure resulting, In an Increased lifetime 

cancer risk of 10~'. Using the data of Thyssen et al. (1981) for 

Inhalation exposure of hamsters., this dally dose was estimated to be 

1.64xl0~« mg/day. 
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APPENDIX A 

Summary Table for Benzo[a]pyrene 

Species 
Experimental 
Dose/Exposure Effect 

CS or qi* 
(mg/kg/day)~i 

MOT or IQ-s 
Risk Level 
(mg/day) 

Reference 

Inhalation 

GDS 
GDC 
10"» Risk 
Level 

hamsters 2.2-9.5 mg/m* respiratory tract 
tumors 

ND 
ND 
4.2775 1.64 X 10"^ Thyssen 

et al.. 1981 

Dral 

GDS 
GDC 
10^» Risk mice ' 

' 1 I 
1 

1 , 

> 1-250 ppm 

« 

stomach tumors 

ND 
ND 
11.53 6.07 X 1D~» Neal and 

Rigdon, 1967 

I 

NO e Not derived 



APPENDIX B 

Cancer Data Sheet for Derivation of q-|* 

Compound: Benzo[a]pyrene 

Reference: Thyssen et a1., 1981 

Species, strain, sex: hamsters/Syrian Golden/male 

Body weight: 0.12 kg (assumed) 

Length of exposure (1e) » 666.4 days for lower dose and 674.8 days for 
higher dose and controls 

Length of experiment (Le) » 666.4 days for lower dose and 674.8 days for 
higher dose and controls 

Lifespan of animal (L) s 666.4 days for lower dose and 674.8 days for higher 
dose and controls 

Tumor site and type: respiratory tract/paplllomas, papillary polyps and 
squamous-ce1:1 carcinomas 

Route, vehicle: Inhalatlon/NaCI vapor In air 

Input 

Transformed Dose 
Experimental Doses or Exposures* (mg/kg/day) 

Incidence 
No. Responding/No. Tested 

(or Examined) 

0 mg/m* 

2.2 mg/m> 

9.5 mg/m* 

0 

0.0892 

0.385 

0/27 

0/27 

9/26 

*See following page for conversions 

J-.-
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CONVERSIONS 

>0 mg/m> s 0 mg/kg/day 

9 9 n.r./n.i « r-lOjrtfiks. 4.5 hours 65.2 weeks 3 hours 7 days 

0.037 n«/(lay • 0.12 kg x "'•* x (MTT^)'- 0.0092 ng/kg/day 
666.4 days 666.4 days 

3.5 mg/ix* X [.f X • (ETT^ * ̂ TT^U » » " 96.4 weeks 24 hours 96.4 weeks 24 hours 7 days 

0.037 rnVday + 0.12 kg x ll*'l x 0.385 mg/kg/day 
674.8 days 674.8 days 
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